Lysozyme as an alternative to antibiotics improves growth performance and small
intestinal morphology in nursery pigs!
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ABSTRACT: Lysozymeisa 1,4-B-N-acetylmuramidase
that has antimicrobial properties. The objective of this
experiment was to determine if lysozyme in nursery
diets improved growth performance and gastrointes-
tinal health of pigs weaned from the sow at 24 d of
age. Two replicates of 96 pigs (192 total;, 96 males,
96 females) were weaned from the sow at 24 d of
age, blocked by BW and gender, and then assigned to
1 of 24 pens (4 pigs/pen). Each block was randomly
assigned 1 of 3 dietary treatments for 28 d: control
(two 14-d phases), control + antibiotics (carbadox/cop-
per sulfate), or control + lysozyme (100 mg/kg diet).
Pigs were weighed and blood sampled on d 0, 14, and
28 of treatment. Blood was analyzed for plasma urea
nitrogen (PUN) and IgA. At 28 d, pigs were killed, and
samples of jejunum and ileum were collected and fixed
for intestinal morphology measurements. An additional
jejunum sample was taken from the 12 pigs with the
median BW per treatment to determine transepithelial
electrical resistance (TER). Pigs consuming antibiot-

ics or lysozyme grew at a faster rate than control pigs
(0.433+0.009 and 0.421 +0.008 vs. 0.398 £0.008 kg/d,
respectively; P < 0.03), which resulted in heavier end-
ing BW (20.00+0.31, 19.8 £0.29, and 18.83 £0.32 kg,
respectively; P < 0.03). Feed intake was not different
(P > 0.48), but G:F was improved in pigs consuming
antibiotics or lysozyme (0.756 + 0.014, 0.750 = 0.021,
and 0.695 + 0.019 kg/kg; P < 0.05). Immunoglobulin
A (P <0.03) and PUN (P < 0.01) increased during the
experiment, regardless of dietary treatment (P > 0.48).
Dietary treatment did not affect TER (P> 0.37), but gilts
had lower TER compared with barrows (P < 0.04). No
differences in villi height or crypt depth were observed
in the ileum (P > 0.53). However, jejunum villi height
was increased and crypt depth was decreased in pigs
consuming antibiotics or lysozyme (P < 0.001), result-
ing in an increased villi height:crypt depth of 72% (P <
0.001). Thus, we concluded that lysozyme is a suitable
alternative to carbadox/copper sulfate diets fed to pigs
weaned from the sow at 24 d of age.

Key words: antimicrobial, growth, intestine, lysozyme, swine

© 2013 American Society of Animal Science. All rights reserved.

INTRODUCTION

Lysozyme is a 1,4-f-N-acetylmuramidase that en-
zymatically cleaves a glycosidic linkage in the pep-
tidoglycan component of bacterial cell walls, which
results in the loss of cellular membrane integrity and
cell death (Ellison and Giehl, 1991). In addition, hy-
drolysis products are capable of enhancing IgA secre-
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tion, macrophage activation, and rapid clearance of
bacterial pathogens (Kawano et al., 1981; Clarke et
al., 2010; Silhavy et al., 2010). These data indicate
that lysozyme may prove to be a viable alternative to
antibiotics in swine feed to ameliorate the effects of a
disease challenge.

Until recently, the literature pertaining to lyso-
zyme as a feed additive was limited to studies using
transgenic goat milk or transgenic rice to produce and
deliver the enzyme. These studies have shown chang-
es in metabolite profiles (Brundige et al., 2010), in-
testinal microflora (Maga et al., 2006), and intestinal
morphology (Brundige et al., 2008) in pigs fed milk
from transgenic goats expressing human lysozyme
in the mammary gland. In addition, Humphrey et al.
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(2002) reported that diets supplemented with transgen-
ic rice expressing lysozyme had antibiotic-like prop-
erties when fed to chicks. Although these reports are
encouraging, the delivery of lysozyme from transgenic
goat milk or transgenic rice is problematic in a swine
production setting. Recently, our laboratories (May
et al., 2012) have shown that lysozyme sourced from
chicken eggs (Neova Technologies Inc., Abbotsford,
BC, Canada) improved growth rate and intestinal
morphology and reduced Campylobacter shedding in
10-d-old pigs consuming a milk diet. However, it is un-
known if lysozyme in conventional nursery diets im-
proves performance similarly to young pigs consuming
manufactured liquid diets. Therefore, the objective of
this experiment was to determine if lysozyme in nurs-
ery diets impacts growth performance and gut health of
pigs weaned from the sow at 24 d of age.

MATERIALS AND METHODS

The experimental protocol was approved by the
Animal Care and Use Committee of the U.S. Meat
Animal Research Center (USMARC).

Animal Care and Dietary Treatment

Two replicates of 96 pigs (192 total; 96 males, 96
females) were weaned from the sow at 24 d of age to the
USMARC experimental animal facility and used in a
randomized complete block design. Pigs were blocked
by BW and gender and then assigned to 1 of 24 pens (4
pigs/pen). Each block was randomly assigned either to
the control diets (two 14-d phases), control diets + an-
tibiotics (carbadox/copper sulfate; 55 mg carbadox and
250 mg Cu/kg, respectively), or control diets + lyso-
zyme (100 mg/kg diet). All diets met or exceeded NRC
recommendations for required nutrients (Table 1; NRC,
1998). Pigs were allowed to consume diets ad libitum
for 28 d. Feed disappearance was measured on a weekly
basis, and pig BW were determined gravimetrically on
d 0, 14, and 28 of treatment.

Sample Collection and Analytical Procedures

On d 0, 14, and 28 of treatment, 5 mL of blood was
collected into heparinized syringes (20 U of Li-heparin/
mL blood) via jugular venipuncture and placed immedi-
ately on ice. After collection, blood samples were cen-
trifuged at 800 x g for 10 min at 4°C, with plasma col-
lected and frozen at -20°C until further analyses. Plasma
was analyzed for IgA and plasma urea N (PUN) con-
centrations. The IgA concentrations were determined in
duplicate by commercial ELISA (Bethyl Laboratories
Inc., Montgomery, TX) using porcine IgA as standards.
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Plasma was analyzed for urea N in duplicate by us-
ing a commercial colorimetric kit (BioAssay Systems,
Hayward, CA). The sample mean for pooled plasma
PUN was 5.0 = 0.2 mM and the intra- and interassay CV
were 4.2% and 4.6%, respectively. The sample mean for
IgA pools was 8.9 = 0.6 mg/mL, and the intra- and inter-
assay CV were 4.8% and 4.5%, respectively.

Pigs were killed via euthanasia solution
(Beuthanasia-D, Shering-Plough Animal Health Corp.,
Union, NJ) on d 28 of treatment. One 3-cm segment of
mid-jejunum and one 3-cm segment of mid-ileum were
collected from all pigs for histological analysis as previ-
ously described (Oliver et al., 2002). An additional 3-cm
segment of jejunum was taken from the 12 pigs with the
median BW (equal male and female) per treatment to de-
termine transepithelial electrical resistance (TER). One
segment of jejunum and one of ileum were processed,
embedded, and stained according to previously described
procedures (Luna, 1968). Briefly, freshly cut intestinal
sections were rinsed in cold PBS and then fixed in freshly
prepared chilled fixative solution (FEA: 10 mL formalin,
70 mL 95% ethanol, 15 mL distilled water, 5 mL acetic
acid). Intestinal segments were dehydrated over a 2-d pe-
riod using increasing concentrations of ethanol and chlo-
roform. Sections were embedded in paraffin, and cross
sections were cut with a microtome (American Optical
Co., Buffalo, NY) approximately 10 um thick. Sections
were stained with hematoxylin and eosin, and morpho-
metric measurements were performed by 1 person (blind-
ed to treatment) using light microscopy with a computer-
assisted morphometric system (Bioquant Image Analysis
Corp., Nashville, TN). The height and crypt depth of 8
well-oriented villi per sample were measured.

Jejunum mucosal barrier function was accessed
via TER according to previously published proto-
cols (Argenzio and Liacos, 1990; Moeser et al., 2007).
Briefly, the segment of mid-jejunum was collected from
the pig, and the mucosa was stripped from the seromus-
cular layer in oxygenated Ringer solution. Tissues were
then mounted on Ussing chambers and bathed on the se-
rosal and mucosal sides with 10 mL of Ringer solution.
The mucosal bathing solution contained 10-mM glucose,
which was osmotically balanced on the serosal side with
10-mM mannitol. Bathing solutions were oxygenated
and circulated in water-jacketed reservoirs maintained at
37°C. After 15 min, the spontaneous potential difference
(PD) was measured via Ringer-agar bridges connected
to calomel electrodes, and the PD was short-circuited
through a fluid resistance-corrected voltage clamp
through Ag-AgCl electrodes. Tissues were maintained
in the short-circuited state, except for brief periods to re-
cord the open-circuit PD. Transepithelial electrical resis-
tance was calculated, as previously described (Argenzio
and Liacos, 1990), from the PD and short-circuit current.


http://www.journalofanimalscience.org/

Lysozyme in nursery pig diets

3131

Table 1. Composition and calculated analysis of the dietary treatments!

Phase 1 (d 0 to 14)

Phase 2 (d 14 to 28)

Item Control C+A C + Lyso Control C+A C + Lyso

Ingredients, %
Corn 50.8 49.6 50.5 63.3 62.1 63.0
Soybean meal, 465 g/kg 243 24.4 243 26.5 26.6 26.6
Fish meal 5.0 5.0 5.0 2.5 2.5 2.5
Blood meal 1.3 1.3 1.3 1.3 1.3 1.3
Whey 12.5 12.5 12.5 0.0 0.0 0.0
Soybean oil 3.0 3.0 3.0 3.0 3.0 3.0
Monocalcium phosphate 0.8 0.8 0.8 1.2 1.2 1.2
Limestone 0.8 0.8 0.8 1.0 1.0 1.0
Salt 0.3 0.3 0.3 0.4 0.4 0.4
Zinc oxide 0.3 0.3 0.3 0.0 0.0 0.0
Vitamin premix? 0.3 0.3 0.3 0.3 0.3 0.3
Mineral premix> 0.2 0.2 0.2 0.2 0.2 0.2
Lysine HCI, 980 g/kg 0.3 0.3 0.3 0.3 0.3 0.3
pL-Methionine, 985 g/kg 0.2 0.2 0.2 0.1 0.1 0.1
L-Threonine, 985 g/kg 0.2 0.2 0.2 0.1 0.1 0.1
Carbadox 0.0 1.0 0.0 0.0 1.0 0.0
Copper sulfate 0.0 0.1 0.0 0.0 0.1 0.0
Lysozyme?* 0.0 0.0 0.3 0.0 0.0 0.3

Calculated analysis®
ME, Ml/kg 14.4 14.3 14.4 14.4 14.3 14.4
CP, g/kg 210 210 210 209 208 209
TID lysine,® g/kg 13.5 13.5 13.5 13 13 13
Ca, g/kg 8.7 8.7 8.7 8.1 8.1 8.1
Available P, g/kg 4.4 4.4 4.4 3.8 3.8 3.8

TExpressed on as-fed basis: C + A = control plus antibiotics; C + Lyso = control plus lysozyme.

2provided per kilogram of diet: vitamin A, 9,000 IU; vitamin D3~ 200 1U; vitamin E, 19 1U; vitamin K, 2.2 mg; thiamine, 2.2 mg; riboflavin, 4.4 mg; niacin,
33 mg; pantothenic acid, 22 mg; vitamin B,, 0.028 mg; vitamin By, 2.2 mg; folic acid, 1.35 mg; and biotin, 0.11 mg.

3provided per kilogram of diet: Fe, 78 mg; Cu, 7 mg; Co, 0.80 mg; Zn, 168 mg; Mn, 60 mg; I, 0.79 mg; and Se, 0.13 mg.

4Entegaurd, Neova Technologies Inc., Abbotsford, BC, Canada; provides a final concentration of 100 mg lysozyme/kg diet.

SCalculated analysis based on standard feed tables (NRC, 1998).
TID = true ileal digestible.

Statistical Analyses

Data were subjected to ANOVA using the GLM
procedure (Minitab Inc., State College, PA). Data were
evaluated for the effects of treatment (control, antibiot-
ics, and lysozyme), day, sex, and all appropriate inter-
actions. For responses where no statistically significant
sex differences were observed, sex data were combined.
Day, treatment, and sex (where appropriate) replication
were contrasted using a protected LSD test (Steel et
al., 1997). Similar to previous experiments (Oliver and
Miles, 2010; May et al., 2012; Oliver et al., 2012), pen
of pigs was the experimental unit for evaluation of the
effects of diet on feed intake and feed efficiency, and
individual pig was the experimental unit for all other
statistical procedures. The significance level for all
tests was set at P < 0.05.

RESULTS

Pigs were weaned at 23.7 £ 0.1 d of age and weighed
7.8 £ 0.1 kg, regardless of dietary treatment (P > 0.72).
In addition, no gender differences were observed (P >
0.21). From d 0 to 14 of treatment, pigs consuming anti-
biotics grew at a faster rate than pigs consuming both the
control and lysozyme diets (Table 2; P = 0.036). From
d 14 to 28, pigs fed lysozyme or antibiotic in their diets
gained at a similar rate (P = 0.59), which was greater
than pigs consuming the control diets (P = 0.017). This
resulted in an overall greater ADG from d 0 to 28 for
pigs consuming antibiotics or lysozyme compared with
control pigs (P =0.024). Because of the increase in ADG,
pigs consuming the antibiotic (P = 0.022) or lysozyme
(P =0.023) diets were heavier on d 28 of the study com-
pared with the control pigs (P < 0.03). Pigs consumed
2.27 + 0.06 kg dietxpen—'xd~! over the course of treat-
ment, regardless of dietary treatment (P = 0.48). Because
of similar feed consumption rates and increased ADG in
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Table 2. Performance by pigs weaned at 24 d of age and
fed control, control plus antibiotics (C + A), or control
plus lysozyme (C + Lyso) diets for 28 d!

Diet
Variable Control C+A C + Lyso
BW, kg
do 7.73+0.12 7.83+0.13 7.85+0.15
d14 11.09 + 0.20? 11.60 +0.19° 11.41 +£0.19°
d28 18.83+£0.322  20.00=+0.31°  19.80+0.29°
ADG, kg/d
d0to14 0.243 £0.009  0.271+0.010>  0.255 +0.008?
d14to028 0.555+0.0122  0.601+0.012>  0.598 + 0.014P
d0to28 0.398 +0.008%  0.433+0.009°  0.421 + 0.008"
ADFI, kgxpen!xd-!
d0to14 1.32+0.03 1.34+0.04 1.36 +0.04
d14to028 3.25+0.11 3.23+0.10 3.18+0.09
d0to28 2.32+0.06 2.26 +0.06 223 +0.06
G:F, kg/kg
doto14 0.720+£0.029  0.801+0.025  0.756 +0.028
d14t028 0.675+0.016*  0.738+0.015>  0.745 + 0.020°
d0to28 0.695+0.019*  0.756+0.014>  0.750 +0.021°

a.bWithin a row, means without a common superscript differ (P < 0.05).

Ialues are least squares means = SEM; for BW and ADG, n = 60 to 63 per
treatment; for ADFI and G:F, n = 16 per treatment.

pigs consuming antibiotics or lysozyme, G:F was im-
proved (P < 0.05). Feed efficiency improved 9.8% from
d 14 to 28 in pigs consuming antibiotics (P < 0.045) or
lysozyme (P = 0.042) compared with pigs consuming
the control diets. This resulted in an 8.3% improvement
for the entire 28-d study for pigs consuming antibiotics
or lysozyme compared with control diets (P = 0.048).

Dietary treatment did not affect circulating IgA (P =
0.43) or PUN (P = 0.51) concentrations (Fig. 1). In ad-
dition, there were no sex differences in IgA (P = 0.69)
or PUN (P = 0.43) concentrations. Circulating IgA in-
creased from d 0 to 14 (P = 0.028) and from d 14 to
28 (P < 0.022) for all treatment groups. Plasma urea N
increased from d O to 14, regardless of dietary treatment
(P = 0.009), and PUN concentrations at d 28 of treat-
ment were similar to concentrations at d 14 (P = 0.65).

No differences in TER were observed between di-
etary treatments (Fig. 2; P =0.37). However, gilts had a
lower TER compared with barrows, regardless of dietary
treatment (P = 0.035).

No morphological differences due to sex were ob-
served (P = 0.66). Neither villi height (P =0.53) nor crypt
depth (P = 0.75) differed in the ileum, regardless of di-
etary treatment (Fig. 3). However, villi height was 35%
and 28% taller in the jejunum of pigs consuming anti-
biotics and lysozyme, respectively, compared with pigs
consuming the control diet (P < 0.001). In addition, crypt
depth was 27% and 23% shorter in pigs consuming anti-
biotics and lysozyme, respectively, compared with pigs
consuming the control diet (P < 0.001). Because of the
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morphological changes in the jejunum, the villi height to
crypt depth ratio was increased 72% (P < 0.001).

DISCUSSION

Antibiotics have been used as growth promoters for
more than 50 yr, and the majority of swine produced in
the United States receive subtherapeutic levels of anti-
biotics in their feed at some point during the produc-
tion cycle. Antibiotic use has benefited producers by
improving feed efficiency and decreasing the suscep-
tibility to bacterial infections (Verstegen and Williams,
2002). In addition, subtherapeutic levels of antibiotics
improve growth rates in several species, including swine
(Schwarz et al., 2001; Cromwell, 2002; Thymann et al.,
2007). In the current study, we showed that pigs weaned
at 24 d of age consuming carbadox/copper sulfate or ly-
sozyme in nursery diets had improved growth rates and
feed efficiency. This is the first example of lysozyme im-
proving feed efficiency in swine, where pigs consuming
lysozyme had improved G:F of 8% compared with pigs
consuming the control diet, which was similar to pigs
consuming the antibiotic-treated feed. In our previous
study (May et al., 2012), we did not observe differences
in feed efficiency in 10-d-old pigs consuming lysozyme
in liquid diets. However, our statistical power to detect
pen differences in that experiment was extremely lim-
ited. Similar to the current experiment, Humphrey et al.
(2002) observed increased feed efficiency in chicks con-
suming 153 mg human lysozyme/kg feed derived from
transgenic rice. However, growth rate of chicks was not
improved. The growth rate of pigs in the current study
was increased approximately 7.3% for both antibiotic-
and lysozyme-fed pigs, which is consistent with our
previous study (May et al., 2012). Previous studies us-
ing human lysozyme from transgenic goat milk did not
show an increase in growth rate of pigs consuming the
transgenic goat milk (Maga et al., 2006; Brundige et al.,
2008). As we postulated in our previous study, the lack
of a growth response in these experiments is likely due
to the use of antibiotics in addition to the human lyso-
zyme. Because of the study design of both experiments
(Maga et al., 2006; Brundige et al., 2008), it is not clear
how much human lysozyme was actually consumed by
the piglets. The amount of lysozyme was sufficient to
alter intestinal morphology and microflora but may not
have been adequate to improve growth performance.
Data from the current experiment, as well as our pre-
vious efforts (May et al., 2012), clearly show that this
source of lysozyme improves growth performance from
10 d through the nursery phase of production.

Given the improvements in growth rate in pigs con-
suming lysozyme or antibiotics, it is reasonable to ex-
pect that PUN may be altered as circulating PUN is a
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Figure 1. Effect of antibiotics or lysozyme in nursery pig diets on circu-
lating (A) IgA and (B) plasma urea nitrogen (PUN) in pigs weaned from the
sow at 10 d of age. Values shown are means + SEM; n = 60 to 63. No treat-
ment differences were observed (P > 0.05). The IgA increased from d 0 to 14
and from d 14 to 28 (P < 0.05), and PUN increased from d 0 to 7 (P < 0.03).

reliable indirect measurement to show the oxidation of
dietary AA in young pigs. However, similar to our pre-
vious work (May et al., 2012), no treatment differences
in PUN were observed in the current experiment, which
suggests that pigs consuming lysozyme or antibiotics
were using dietary AA for protein synthesis similarly
to pigs consuming the nonmedicated control diets. The
lack of observed differences in PUN is likely due, in part,
to an excess of dietary AA. In addition, protein degrada-
tion increases as animals age (Goll et al., 2008), which
contributes to circulating PUN. Plasma urea N increased
from d O to 14 in the current experiment and then re-
mained unchanged for the duration of the experiment.
The postweaning increase in PUN is expected because,
due to milk yield restraints, the sow limits milk intake
of piglets by about 10 d of age (Boyd et al.,1995; Azain
et al., 1996), which leads to low PUN concentrations at
weaning. As the animals consume feed ad libitum, ca-
tabolism of excess AA increases PUN concentrations.
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Figure 2. Effect of antibiotics or lysozyme in nursery pig diets on
transepithelial electrical resistance (TER) of the jejunum. Values shown are
means + SEM; n = 6. *Mean differs from males consuming the same diet (P <
0.05). For all other comparisons, there is no difference (P > 0.05).
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Immunoglobulin A is produced in the gastrointes-
tinal tract in response to bacterial interactions (Suzuki
and Fagarasan, 2008), and spray-dried plasma proteins,
which have antimicrobial-like properties, reduce cir-
culating IgA in pigs challenged with Escherichia coli
K88 (Van den Broeck et al., 1999; Bosi et al., 2004).
Thus, circulating IgA may be an indicator of the im-
munomodulatory effects of lysozyme and/or antibiotics.
However, IgA did not differ in the current experiment,
which indicates consumption of antibiotics or lysozyme
did not alter the production of IgA. This agrees with
our previous work with lysozyme in younger pigs (May
et al., 2012) but not with work from our laboratories
feeding antibiotics (chlorotetracycline/bacitracin) in
grow-finish pigs (Wells et al., 2013). Circulating IgA
was decreased after 8 wk (approximately 84 kg BW) of
treatment in pigs consuming antibiotics compared with
pigs consuming a nonmedicated control diet. The dif-
ferences in IgA observed by Wells et al. (2013) may be
due to the differing ages of the pigs in the current study,
as well as the different antibiotics administered.

Changes in intestinal morphology due to antibiotic
treatment are variable; some studies show improve-
ments (Piva et al., 2008; May et al., 2012), whereas
others do not (Thymann et al., 2007; Shen et al., 2009).
Similar to our previous work (May et al., 2012), pigs
in the current study had improved villus heights and
crypt depths, which indicates improved intestinal health
(Argenzio et al., 1990; Zijlstra et al., 1996; Oliver et al.,
2002). However, the major morphological responses in
pigs consuming lysozyme in liquid diets have been ob-
served in the ileum (May et al., 2012) compared with
responses seen exclusively in the jejunum in the current
experiment. It is likely that the differences are due to the
different physical forms of the diets consumed. Major
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Figure 3. Effect of antibiotics or lysozyme in nursery pig diets on mean villus heights and crypt depths in the (A) jejunum and (B) ileum of pigs weaned
from the sow. (C) The ratio of villi height to crypt depth. Values shown are means = SEM; n = 48 to 51. *Mean differs from control (P < 0.001). For all other

comparisons, there is no difference (P > 0.05).

changes occur in the gastrointestinal tract in response
to the transition from a liquid to a dry diet (Koldovsky
et al., 1995), in particular to ion transport (Pacha, 1997).
Presumably, the changes in structure and function of the
small intestine allowed lysozyme and antibiotics to have
a greater effect on the jejunum in the current study. In the
current experiment, crypt depths were decreased in pigs
consuming lysozyme or antibiotics, whereas they were
increased in pigs consuming lysozyme in liquid diets
(May et al., 2012). This is likely because cellular prolif-
eration is very high in the crypts in the younger animal,
whereas villi enterocytes are longer-lived in suckling
animals compared with weaned animals (Smith, 1988).
It is likely crypt cells were proliferating as they were
not migrated up the villi to replace sloughed enterocytes
and that lysozyme and antibiotics simply improved this
important function of the crypts.

Previous work with human lysozyme from transgenic
goat milk or transgenic rice did not show improvements in
intestinal morphology in the jejunum or ileum (Humphrey
et al., 2002; Brundige et al., 2008; Cooper et al., 2011).
Again, this is likely due to the concomitant presence of an-
tibiotics in the consumed feed or simply a decreased con-
sumption of lysozyme. However, Nyachoti et al. (2012)
observed increased villi height in the ileum of pigs weaned
at 17 d and fed the same source of lysozyme as the current
study. Unfortunately, jejunum morphology was not mea-
sured. Changes in ileum morphology, unlike in the cur-
rent study, are likely due to the effect of the Escherichia
coli K88 challenge on the small intestine (Nyachoti et al.,
2012). Nonetheless, taken together, the current study and
previous work (May et al., 2012; Nyachoti et al., 2012)

indicate that this source of lysozyme improves small-
intestinal morphology. Improvements in small-intestinal
morphology may lead to a greater absorptive capacity and
may be a mechanism by which lysozyme and antibiotics
improve growth rates.

In addition to morphology measurements, jejunum
TER was measured as an indicator of intestinal health.
Transepithelial electrical resistance is a measurement
of barrier function of an epithelial layer (Argenzio and
Liacos, 1990; Moeser et al., 2007). There were no dif-
ferences in TER between pigs consuming control, anti-
biotics, or lysozyme diets in the current study, indicating
neither antibiotics nor lysozyme affect the barrier func-
tion of the jejunum. To our knowledge, this is the first
assessment of TER on pigs consuming antimicrobials vs.
nonmedicated feed. Interestingly, gilts had a decreased
TER compared with barrows, regardless of dietary treat-
ment. Although we have no definitive explanation for the
gender effects, gender differences have been observed
in ion flux experiments in the murine model (Homma
et al., 2005; O’Mahony et al., 2007; Al-Nakkash et al.,
2011), and it appears that differences are mediated by
estradiol. Although gilts in the current experiment were
likely prepubertal, sex steroids, or the lack thereof, may
be mediating differences in TER.

Subtherapeutic antibiotics continue to be an effi-
cacious growth promoter in swine diets. However, the
perceived danger of their use, and their potential to be
regulated out of use, compels the search for effective
alternatives. This study shows that lysozyme improves
growth rate when fed in dry nursery diets. In addition,
to the knowledge of the authors, this study is the first to
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demonstrate improved feed efficiency in response to ly-
sozyme consumption in pigs. Small-intestinal morphol-
ogy was also improved in nursery pigs consuming ly-
sozyme. Whether intestinal changes are mechanistically
responsible for improved feed conversion remains to be
seen. Thus, we concluded that lysozyme is a suitable
alternative to carbadox/copper sulfate diets fed to pigs
weaned from the sow at 24 d of age.
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